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ABSTRACT 
The Production of Acceptable Baked Products 
In the Electronic Oven 
by 
Lois Irene Knudsen~ Master of Science 
Utah State University, 1971 
Major Professor: Dr. Ethelwyn B. Wilcox 
Department: Food and Nutrition 
The purpose was to find the adjustments needed to make acceptable 
pies, cookies and muffins baked in the electronic oven. The products 
were evaluated by a taste panel and by objective tests. The results of 
both tests supported each other. 
The best bottom pie crest had an extra tablespoon of liquid added 
to the pastry and was precooked before the filling was added. It was 
both flaky and tender. 
No leavening and one-fourth more liquid produced the most accept-
able cookies. They were more like the standard cookie in height, tex-
ture, moistur e and tenderness, 
It was found that one-half the amount of egg and two tablespoons 
more liquid made the best muffins. No treatment of the muffins as used 
in this study resembled the standard, but were half way between a 
standard muffin and cake in their texture, flavor and appearance. 
(56 pages) 
INTRODUCTION 
Most homemakers who have electronic ovens are having difficulty 
making acceptable products when using their regular recipes. As more 
and more homes are likely to have electronic ovens in the future because 
of the speed with which they can prepare food, the people need a know-
ledge of how to adjust recipes to make acceptable products. 
Research is being done on the use of the electronic oven in quan-
tity food service, reheating, pasteurizing, thawing, drying, blanching, 
puffing and baking the food. Many of these areas have been successful; 
three of the exceptions are in the baking of pies, cookies and muffins. 
Minor adjustments must be made to the recipes of cakes, biscuits and 
bread to obtain acceptable products. 
The purpose of this study is to determine necessary adjustments 
in cookies, pie crust and muffin recipes to make acceptable products. 
Suggestions will also be made on how to adapt regular recipes, so that 
they can be used to make acceptable products in the electronic oven. 
REVIEW OF LITERATURE 
How the electronic oven works 
Allaire (1966) said that microwave heating is a special case of 
dielectric heating. In microwave heating a dielectric material is 
exposed to a rapidly alternating field. Under the influence of the 
alternating field, dipoles in the molecules of the material reverse 
orientation and the inter-molecular friction produced manifests itself 
in the form of heat. Therefore, microwave heating is the result of a 
direct transfer of energy from an electro-magnetic field to a polar 
dielectric material. The transfer of energy can be considered as an 
absorption process because the transfer of energy takes place without 
an intermediate medium. The heat generated by microwave energy occurs 
principally within the product and results in unifonn temp e rature 
distribution. Product temperature can even be self-limiting in some 
instances; that is, certain products tend to absorb less microwave 
energy when dry; consequently, the temperature of the product does not 
continue to rise. 
When surface moisture is first removed by conventional drying, the 
surface may seal or form an impervious skin which inhibits the further 
removal of the internal moisture. Microwave drying occurs where the 
moisture is located. Hence, the internal moisture is heated and a 
pressure gradient is established which causes the moisture to be forced 
to the surface. The surface usually remains wet until all the internal 
moisture is removed (Allaire, 1966). 
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or generator is used as the means of changing electricity to microwaves. 
A rotating fan or stirrer distributes the waves to insure more uniform 
cooking. There are three things that could happen to microwaves when 
they are beamed into the oven. Waves could be reflected by metal which 
decreases the efficiency by shielding the food from the intense electric 
field. The waves may be transmitted through the air and pass through 
most containers made of glassware, chinaware, plastics and paper with-
out heating them. These materials have a low moisture content, which 
makes it difficult to set molecules in motion. The waves may be absorbed 
by food or other moisture containin g substance. Only when the waves are 
absorbed can they agitate the molecules causing friction which in turn 
heats the product. In 1966, Fenton reported that water has one of the 
highest electric loss factors s i nc e water absorbs microwave energy very 
readily. 
The brown surface color of baked food is due in part to a chemical 
reaction between food sugars and amino acids. This reaction proceeds 
slowly at a low temperature and is accelerated by increasing the tempera-
ture. The outside of the food cooked in the electronic oven remains 
cooler than the inside because it loses heat to the air around it, In 
order to raise the outside temperature of the food in the electronic 
oven, the browning unit must be used. This rise in temperature caused 
the browning reaction to take place (Anonymous, 1968). Electrolytes 
will produce a selective heating in microwave cooking. If paper is 
impregnated with a saturated salt solution and placed over a pie crust 
during absorption of the microwaves, the surface of th e crust will 
become brown in color because of the heat added there due to the 
conductivity of the electrolyte (Copson, 1962). 
Paper dishes or paper liners for glass or glass-ceramic dishes 
are recommended byCopson (1962). The vapour released from the product 
was condensed on the sides and bottom of a non-porous dish causing the 
sides and bottom of the product to become wet and undesirable. In con -
trast, the absorbent or permeable sides such as provided by paperboard 
prevented the condensation of moisture. 
The effect on cooking time 
Microwave energy has the ability to penetrate deeply into food 
materials and to produce heat instantaneously as it penetrates. The 
surface of the product is usually cooler than an inch or so below the 
surface because of the radiation of heat from the food surface to the 
cooler surroundings of the microwave oven. There is no excess of heat 
available in the microwave oven because it is all absorbed by the food . 
Most foods contain moisture in varying amounts except pure fats like 
salad oil , shortening and lard . The moisture in the food has a direct 
bearing on its heating rate in a microwave oven. For example, one 
pound of water will heat only half as fast as one pound of fat; or one 
pound of food with 50 percent moistur e will take less time to heat to a 
specific temperature than one pound of food with 75 percent moisture. 
Specific heat is the measure of a material's ability to hold heat as 
compared to water. Water has a value of one and fats, about five-
tenths (0.5). Therefore, water takes twice as much heat as fat to 
increase its temperature by one degree. This does not apply at very 
high tempera ture s where some water may have been changed to steam 
because much more energy is required to produce steam. When two foods 
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at different initial temperature are heated simultaneously in a micro-
wave oven, the colder food takes lon ge r to heat than the warmer food. 
For example: an apple pie at room temperature can be heated without 
melting the hard frozen ice cream on top of it (Anonymous, 1968). 
Van Zante and Bishop (1967) found that the temperature rise of 
water was directly proportional to the weight of the load, but the rate 
of cooking time lessened with increasing load. The size and shape of 
the heating mass affected the speed of cooking. A flat cylinder with 
exposed surface allows more evaporation of water and requires more heat 
than other shapes in order to affect the same temperature rise. The 
cooking time for different foods in the same range was related to the 
weight, shape, composition and surface area of the food being cooked. 
A single mass of food required less time to cook than an equal weight 
of food distributed in several individual dishes, This may be due to 
the fact that microwave absorption is usually best near the center of 
the range. It also has a smaller surface area than several individual 
dishes. 
How microwaves affect certain substances 
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Van Zante (1968) stated that in microwave cooking the temperature 
rise is a function of both the power absorbed by the food and its 
specific heat. The final temperature rise will depend upon the specific 
heat of the food being heated. A load that has a high specific heat will 
have a low temperature rise and vice versa. Water has a high ability to 
absorb power and therefore a high loss factor. The high loss factor of 
wa ter is probably link ed with the high activity of the free water 
molecule as it re acts to the rapidly changing magnetic environment 
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induced by the high frequency electromagnetic waves. The presence of 
water is an important factor in microwave cooking, The Newsletter also 
included a discussion on the effects of salt and fatty acids. A 15 pe r-
cent salt solution has a lower loss factor than water; therefore, one 
could assume that the addition of salt to food being cooked would 
depress the water loss factor . Of the different fatty acids tested, the 
most saturated fatty acid products gained the least in temperature during 
the same conditions of microwave heating. Among the saturated fatty 
acids, those of longer chain length showed a lower increase in tempera-
ture during the same microwave heating period. Another related factor is 
that as the degree of saturation increases the melting point rises. There 
seems to be a direct relationship between the chemical structure of the 
fat or fatty acid and its capacity to absorb microwave energy. 
Baking in the electronic oven 
The method of cooking by microwaves is inherently different than 
conventional cooking. In the latter, the surface of the food is at a 
higher temperature than the interior. The high surface temperature 
causes the customary colors, flavors and textures to develop on the 
surface of the food. On the other hand, the characteristic surface 
browning and drying is not produced by microwave cooking, which takes 
a short time and cooks more uniformly. The moisture loss is high with 
over cooking (Fenton, 1957). When egg whites were diluted with water, 
there was an increase in tende rn ess of gel with the greatest increase 
noted in the conventionally cooked ones. The tenderness of the gel was 
increased when the white was adjusted to an acidic pH range regardless of 
the heating meth o d. The coagulated gel of the whites cooked in the 
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electronic oven i s translucent and s ilimar in color to uncooked whites. 
It is firm and rubbery in the center and soft and runny on the outside. 
Extended exposure to the microwaves results in a puffy coagula (Baldwin, 
Matter, Upchurch, and Breidenstein, 1963). Whipped egg white expands 
greatly when exposed to microwaves, but it does not ret a in its light 
porous structure after cooking and it also tends to exhibit excessive 
syneresis (Upchurch and Baldwin, 1968). 
Street and Surratt (1961) found that cakes baked in the conventional 
oven have a more uniform cell distribution than do electronically cooked 
cakes. The cell distribution of the cake became more regular with an 
increase of liquid in the batter up to 20 grams per layer beyond the 
amount recommended by the cake mix manufacturers, while an increase of 
forty grams produced an increase in tunnels, The loss of moisture in 
t he ca ke was determine d by the cookin g time r a ther than the amount of 
liquid i n the batter. As the li quid was increased in the batt e r, the 
volume of the cake was decre a sed and more ne a rly approached that of the 
conventionally baked cake, but the contour became more irregular. There 
was no significant difference in the cell size or the crumb character 
of the cake. Cakes cooked electronically have a greater loss in weight 
during baking. The browning unit can be .used to produce an acceptable 
crust color and firmness without producing a dry crumb. In 1962, Neuzil 
and Baldwin found that all cakes cooked electronically tend to be less 
tender, which contradicts the findings of the previous researchers, and 
less moist than conventionally baked cakes although the cell structure 
and flavor was not significantly affected. 
Fox and Dungan (1968) stated that previous microwave baking by 
earlier researchers had produced a dry tough product, but now they had 
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produced a highly acceptable product after several months of experimenting 
with various bread formulas and baking techniques. Modification to the 
standard bread formula included increases in the quantities of yeast and 
shortening, the addition of an emulsifier and dough conditioner and the 
elimination of non - fat dry skim milk and egg solids. The emulsifier 
aided in retaining moisture in the product and the dough conditioner 
made the crumb more pliable. A quickened proof was obtained by increasing 
the yeast content, changing the mixing procedure and raising the proofing 
temperature. 
Brown (1956) stated that cookies can be made quickly and most 
satisfactorily in the electronic oven if a sheet of wax paper is l a id 
on the shelf in the center position a nd th e cookies are dropped on it. 
If the cookie dough is unusually short, a paper towel should be placed 
on the shelf and covered with wax paper. The paper towel will absorb 
the shortening that comes out of the cookies. Over baking the cookies 
will cause the centers to become very hard. 
METHOD OF PROCEDURE 
Experiments were made to determine changes in recipes necessary to 
make the product acceptable when baked electronically. All baking was 
done with a Tappan Electronic Oven with a top browning unit. The 
electronically baked products were compared to the standard baked con-
ventionally for texture, tenderness and moisture. 
The three products chosen for research were pies, cookies and 
muffins. 
The recipes 
Raisin Pie 
Filling 
Yield: 4; Pan: 6 inch pie dish 
2 cups raisins 
2 1/4 cups water 
2/3 cup sugar 
1/ 4 cup flour 
3 tablespoons lemon juice 
1. Cook raisins in 2 cups boiling water until tender. 
2. Combine sugar and flour. Add 1/4 cup cold water to make paste. 
3. Add to raisins stirring constantly. 
4. Continue to stir the mixture while bringing it to a boil and boil 
two minutes. 
S. Remove from heat and stir in lemon juice. 
6. Cool 
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Pastry 
Yield: 1 two-crust pie 
Pan: 6 inch pie dish 
165 grams flour 
4 grams salt 
108 grams shortening 
45 milliliters milk 
1. Combine flour and salt. 
2. Cut shortening into flour mixture. 
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Baking temperature 400°F 
Baking time 30 minutes 
3. Sprinkle milk over dry ingredients and mix with a fork. 
4. Take one-half the dough and roll it out one-fourth inch in thickness. 
5. Place in bottom of pyrex dish. 
6. Add one-fourth of the raisin filling. 
7. Roll the other half of the dough to one-fourth inch in thickness. 
8. Cover the pie with it and flute the edges. 
9. Bake at 400°F for 30 minutes or until golden brown. 
Yield: 8 cookies 
Pan: 12 by 15 inch 
Brown Sugar Cookies 
cookie sheet 
48 grams shortening 
90 grams brown sugar 
24 grams eggs 
98 grams flour 
1 gram salt 
1.25 grams soda 
30 milliliters milk 
Baking temperature 375°F 
Baking time 20 minutes 
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1. Cream shortening and sugar, 
2. Mix in egg and water. 
3. Add the flour, salt and soda. 
4. Drop on the cookie sheet. 
5. Bake at 375°F for 20 minutes. 
Muffins 
Standard recipe 
Yield: 6 muffins 
Baking temperature 400°F 
Baking time 20 minutes 
110 grams flour 
5.4 grams baking powder 
2.5 grams salt 
12 grams sugar 
21 grams shortening 
24 grams eggs 
125 milliliters milk 
1. Combine flour, bak ing powder, salt and sugar, 
2. Make a well in the center. 
3. Combine eggs, milk and melted shortening. 
4. Pour into the well and stir just enough to moisten dry ingredients. 
5. Fill the fluted paper-lined muffin pan cups about two-thirds full. 
6. Bake 20 minutes at 400°F, 
Electronic Oven Recipe 
Yield: 6 muffins 
Pan: 6 custard cups 
110 grams flour 
5 grams baking. powder 
Baking time 2 minutes 
12 
13 grams sugar 
24 grams shortening 
2.5 grams salt 
48 grams eggs 
125 milliliters milk 
1, Mix the same as standard. 
2. Fill paper-lined custard cups about two-thirds full. 
3. Bake in the electronic oven at high speed, on the center shelf posi-
tion, for 2 minutes with the browning unit on. 
Experimental design 
The experimental design for the study is shown in Table 1. 
Table 1. Experimental design 
Liquid Levels 
First Second Third 
AO Al A2 
Pastry 
Method 
BO AO, BO Al, BO A2, BO 
Bl AO, Bl Al, Bl A2, Bl 
Cookies 
Leavening 
BO AO, BO Al, BO A2, BO 
Bl AO, Bl Al, Bl A2, Bl 
B2 AO, B2 Al, B2 A2, B2 
Muffins 
Eggs 
BO AO, BO Al, BO A2, BO 
Bl AO, Bl Al, Bl A2, Bl 
B2 AO, B2 Al, B2 A2, B2 
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The nine combinations for each product were divided into three sets 
of three each so that no main effects were confounded. 
Four replications were used. The experimental design for two 
replications for making the products is shown in Table 2. 
Table 2. Replications 1 and 2 
Set 1 Set 2 Set 3 
A B A B A B 
Replication 1 
AB confounded 0 0 0 1 0 2 
1 2 1 0 1 1 
2 1 2 2 2 0 
Replication 2 
2 AB confounded 0 0 0 2 0 1 
1 1 1 0 1 2 
2 2 2 1 2 0 
Design of study 
The variables for each product were as follows: 
Pastry 
AO standard amount of liquid 
A 1 one tablespoon more liquid than is standard 
A 2 two tablespoons more liquid than is standard 
BO Bake the bottom pie crust 2 minutes before adding the filling, 
add filling and raw top crust. Bake at high speed in the center 
shelf position for 2 minutes. Turn on browning unit and use in 
combinatio n with microwave activity for 2 minutes. 
14 
B 1 Bake pie in the top shelf position at high speed for 2 minutes. 
Then turn on both the microwave and browning unit. Cook 2 minutes 
longer. 
B 2 Coat the bottom crust with whipped egg white. Bake filled pie on 
top shelf position at high speed for 2 minutes. Then turn on both 
the microwave and browning units. Cook 2 minutes longer. 
Cookies 
A 0 1/4 less liquid 
A 1 standard amount of liquid 
A 2 1/4 more liquid 
B 0 1/2 the amount of leavening 
B 1 1/4 the amount of leavening 
B 2 no leavening 
The oven shelf was covered with paper towels and then a layer of 
wax paper. Bake in the electronic oven at high speed in the top shelf 
position for 1 1/2 minutes with both the microwave and browning units on. 
Muffins 
A 0 2 tablespoons more liquid than standard 
A 1 3 tablespoons more liquid than standard 
A 2 4 tablespoons more liquid than standard 
B 0 3/4 of the amount of egg 
B 1 1/2 of the amount of egg 
B 2 1/4 of the amount of egg 
Bake in the electronic oven at high speed, in the center shelf 
position, for 2 minutes with both the microwave and browning units on, 
Sample preparation 
All the samples were prepared by the same method and each treat-
ment was baked in the oven at the same time. 
After the products were baked, they were allowed to cool. The 
pies were cut into twelve equal pieces. The cookies were broken into 
thirds, and the muffins were cut in half. 
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The members of the taste panel were given a sample of the standard 
product plus the three variations cooked in the electronic oven. The 
four samples were placed on a plate with a code number identifying each. 
Filling was used in the pies because it was the bottom crust of 
the two-crust pie that was giving the homemaker problems. 
Sensory method of evaluation 
A taste panel of nine judges evaluated th e muffins and cooki e s for 
texture, tenderness and moisture. Ten judges evaluated the bottom c rust 
of the baked raisin pies for tenderness, texture and moisture. The 
judges were professors and graduate students of the College of Family 
Life. 
The panel of judges scored the samples according to the hedonic 
scale of weighted adjectives (Appendix sheet 1). A score of nine 
indicated extremely acceptable while a score of one indicated extremely 
unacceptable. 
Objective methods of evaluation 
The cookies, muffins and bottom pie crust were weighed before and 
after baking to determine the loss of moisture during cooking. 
The test for tenderness was performed on the bottom pie crust by 
measuring breaking strength on a shortometer; on muffins by measuring 
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compressability on a penetrometer; and on cookies by measuring breaking 
strength on an automatic shear press. 
The objective tests were done on the most desirable and least 
desirable bottom pie crusts, and on the highest, the lowest and the 
average rated cookies and muffins. 
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RESULTS AND DISCUSSION 
Only the differences that were fully significant are discussed in 
detail. Although the data were evaluated in a similar way, the data for 
pie crust, cookies and muffins will be discussed separately. 
The standard was always baked in a conventional oven. The results 
of the study were either insignificant or very highly significant. The 
results significant at the point five (.5) percent level were ten times 
more significant than at the five percent level. 
Pie crust 
Filled pies were used in the study because one-crust pies bak e very 
well in the electronic oven, but the two-crust pies have a soggy bottom 
crust. 
The data showed that the cooking method had a very highly significant 
(.5 percent) level for texture, tenderness, moisture a nd personal prefer-
ence as evaluated by the taste panel members. The precooked bottom pie 
crust was scored much higher than the other two methods (Tables 3 and 4, 
Figures 1 and 2). 
The amount of moisture in the pie crust also gave highly signifi-
cant (.5 percent level) results for tenderness, but did not influence 
the other variables to the same extent. The product using one tablespoon 
of extra moisture gave the highest rating, with a mean score of about 
seven which means moderately acceptable according to the weighted 
adjectives used (Figure 3). The mean score of the other two methods was 
between five and six which was slightly unacceptable, 
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Table 3. Mean scores of 40 samples of pie as judged by the taste panel 
Replication Mean scores and standard error 
number 
Texture Tenderness Moisture Personal A B Preference 
0 0 6.95 + 1. 04 7.45 + . 63 6.82 + 1.07 6.95 + 1. 06 
-
-
0 1 4.60 + 1. 04 6.32 + .63 4.47 + 1.07 4. 70 + 1. 06 
- -
- -
0 2 4.25 + 1. 04 6.15 + .63 4.37 + 1.07 4.50 + 1. 06 
- - - -
1 0 7.32 + 1. 04 7 .40 + .63 6.87 + 1.07 7.20 + 1.06 
- -
-
-
1 1 4.42 + 1. 04 6.35 + .63 4.32 + 1. 07 4. 77 + 1.06 -
-
-
-
1 2 4.47 + 1.04 6.05 + .63 4.60 + 1.07 4.67 + 1.06 
- -- -
-
2 0 7.10 + 1. 04 7.00 + .63 6.65 + 1.07 6.87 + 1.06 
-
- -
2 1 4.47 + 1. 04 5.80 + .63 4.50 + 1.07 4.75 + 1.06 
-
-
-
-
2 2 4.20 + 1. 04 5.75 + . 63 4 .30 + 1. 07 4.35 + 1.06 
- -
-
Values of 9 indicate the most desirable; 1 indicates the least 
desirable. 
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Table 4. Analysis of variance for pi2s 
Source of Degree of Mean sguares of the taste 2anel data 
variation freedom Texture Tenderness Moisture Personal preference 
Replication 3 
Blocks per 
replication 3 
Amount of 
liquid 2 .85 7. 71* .42 1. 63 
Method 2 297.22* 59. 72* 221.69* 228.84* 
Interaction 4 .30 .74 .87 1.13 
Error 16 2.75 1 2.86 2.83 
Judges 9 
Sampling 315 
Total 359 
*Significant (P < . 005) 
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Figure 3. The effect of the amount of liquid in the precooked crust on 
the tenderness of the pie. 
22 
23 
When egg white was used to coat the pie crust so that it would not 
absorb moisture from the filling, it did not work as these pies had a 
very soggy bottom crust. The difference in the scores between the egg 
white-coated pie crust and the non-coated ones were slight although the 
non-coated ones were preferred as shown by personal preference scores 
and comments. 
The tenderness of the pie crust was largely due to the high percent-
age of shortening to flour. All the pie crusts were flaky even though 
some were soggy. 
The objective tests were difficult to do because the top crust and 
filling had to be removed. It was impossible to get all the filling 
wiped off so the test for moisture was not very accurate. The soggy or 
under-cooked pie crust had a gain in moisture content which may h ave been 
due to the fillin g left on it. The precooked pie crust showed a loss of 
of only eight grams which may also be due to filling. The precooked pie 
crust was much more tender and flaky than the other two methods which 
were flaky but compact and soggy (Table 5), 
Results of the objective tests were in agreeme nt with the findings 
of the taste panel. 
Cookies 
The data showed that the amount of liquid in the cookies had a very 
highly significant (.5 percent level) effect on texture, tenderness, 
moisture and personal preference as evaluated by the members of the taste 
panel (Tables 6 and 7, Fi gures 4 and 5). The cookies with one-fourth 
more liquid than the standard recip e were the best. 
Table 5. The range of the objective tests 
Product 
1 tablespoon more liquid 
cooked on top shelf 
1 tablespoon more liquid 
precook bottom crust 
Standard 
Moisture 
gain of 18 grams 
loss of 8 grams 
loss of 12 grams 
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Tenderness 
Shortometer 
2.1 
0.9 
1. 6 
----------------r--------------------------------------------------------
Cookies 
1/4 less liquid 
no leavening 
Standard amount liquid 
1/2 amount leavening 
1/ 4 more liquid 
no leavening 
Standard 
Per cookie 
loss of 2.9 grams 
loss of 2.75 grams 
loss of 3.38 grams 
loss of 4.5 grams 
Automatic shear press 
Pounds per square inch 
507 
290 
205 
150 
------------------------------------------------------------------------
Muffins 
4 tablespoons more liquid 
3/4 amount egg 
3 tablespoons more liquid 
1/2 amount egg 
2 tablespoons more liquid 
1/4 amount egg 
Standard 
Per muffin 
loss of 6.2 grams 
loss of 8 grams 
loss of 7.5 grams 
loss of 5.7 grams 
Penetrometer 
94.5 
106.3 
137 
187 
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Table 6. Mean scores of 36 samples of cookies as judged by the taste panel 
Replication The mean scores and standard error 
number 
A B Texture Tenderness Moistu r e Personal 
preference 
0 0 4. 75 + 1. 52 5.38 + 1.88 5.47 + 1. 97 5.25 + 1.30 
-
-
0 1 4.41 + 1. 52 4.13 + 1. 88 4.55 + 1. 97 4.21 + 1. 30 -
-
-
-
0 2 4.69 + 1. 52 3.69 + 1. 88 3.83 + 1. 97 4.00 + 1. 30 -
- -
-· 
1 0 5.27 + 1. 52 5.08 + 1.88 5.11 + 1. 97 5.28 + 1.30 -
-
-
-
1 1 5.16 + 1. 52 5.69 + 1. 88 5.83 + 1. 97 5.03 + 1. 30 -
-
-
-
1 2 5.50 + 1. 52 5.38 + 1.88 5.41 + 1. 97 5.25 + 1.30 -
- -
-
2 0 4.88 + 1. 52 5.88 + 1. 88 5.61 + 1. 97 5.15 + 1.30 -
-
- -
2 1 6.13 + 1. 52 6.55 + 1. 88 5.91 + 1. 97 6.06 + 1.30 -
-
-
2 2 6.69 + 1. 52 7.02 + 1.88 7.00 + 1. 97 6.50 + 1. 30 -
-
-
-
Values of 9 indicate the most desirable; 1 indicates least desirable. 
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Table 7. Analysis of variance for cookies 
Source of Degree of Mean squares of the taste panel data 
variation freedom Personal 
Texture Tenderness Moisture preference 
Replication 3 
Blocks per 
replication 8 
Amount of 
liquid 2 44.82* 117.31* 65.44* 48.17* 
Amount of 
leavening 2 11.80 
.28 .03 
.60 
Interaction 4 3.08 12.17 15.49 4.80 
Error 16 5.24 7.95 8.78 3.42 
Judges 8 
Sampling 280 
Total 323 
*Significant (P < . 005) 
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Figure 4. The effect of the amount of liquid on the texture and 
tenderness of cookies. (Significant at the 5% level) 
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Figure s. The effect of the amount of liquid on the moisture and 
personal preference of cookies, (Significant at the .5 % 
level) 
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The data showed that the use of .625, .308 or O grams of the 
leavening agent was non-significant. This was probably due to the fact 
that .625 was only half the amount used in the standard recipe baked in 
the conventional oven. The mean score increased as the leavening was 
decreased and the liquid increased. The mean score for no leavening and 
one-fourth more liquid was the highest for texture, tenderness, moisture 
and personal preference (Figures 6 and 7). 
The amount of liquid and the amount of leavening in the cookies had 
an interesting effect on each other even though the variation in results 
was non-significant, This was probably due to the low percentage of 
leavening used in this experiment. As more liquid was added to the 
mixture to make the cookies less dry, more and more of the leavening had 
to be removed to keep the cookies from raising so fast that they would 
fall before they had a chance to hake. If moisture was removed from the 
cookies instead of leavening to keep them from raising so fast, they were 
extremely hard and dry. 
The texture of the cookies baked in the electronic oven became 
more like the conventionally baked cookies when the leavening was left 
out and the liquid was increased. The leavening caused the cookies to 
be very porous besides being flat. 
The results of the taste panel may have been affected by the individ-
ual member's preference for a hard crisp cookie like many of the cookies 
representing the various treatments baked in the electronic oven; 
instead of the moist cake-like cookie of the standard recipe. 
The objective test for moisture loss from the cookies did not 
follow any set pattern, but it appears that the best cookies had the most 
moisture loss. The tenderness of the cookies was measured by an 
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Figure 6. The effect of the amount of leavening with one level of 
liquid on texture and tenderness of cookies, 
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Figure 7. The effect of the amount of leavening with one level of 
liquid on moisture and personal preference of cookies, 
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automatic shear press. The electronically baked cookies with the highest 
percentage of moisture were the tenderest because they required the 
least pressure to break them (Table 5). 
Results of the objective tests were verified by the taste panel. 
Muffins 
The data from the sensory evaluation showed that the amount of egg 
in the muffins had a very highly significant (.5 percent) effect on the 
texture, tenderness and personal preference. The best scores according 
to the taste panel members were given to the muffins made with the least 
amount of egg plus two tablespoons of liquid to replace part of the egg. 
If a higher percentage of moisture or a lower percentage of moisture 
was added, the muffins were less acceptable because they were either too 
moist or too dry (Tables 8 and 9, Figures 8 and 9). 
The texture of the muffins became more fine grained and less compact 
as the egg was decreased to one-half of the standard recipe or one-
fourth the electronic oven recipe and two tablespoons of extra moisture 
were added (Figure 10). Corrnnents of the judges indicate that the texture, 
appearance and flavor of the electronically baked muffins would score 
about half way between that of the standard muffin and cake. 
The objective test for muffins did not follow any set pattern in 
moisture loss. The penetrometer required less pressure to penetrate the 
sample as the amount of egg in the product was reduced (Table 5). 
The findings of the objective test confirmed those of the taste 
panel. 
3~ 
Table E. '.'1:ear. SC)reE of 36 sam)les of m.1ffins 3.S j udg=d ty be taEtc 
)and 
Repli::at::.o:i. rte mea:i. sco:-e3 ar.d s:andard error 
nuruer 
A E ':'e'<ture ':'e:i.derness Moi3ture Pe'.:"sor.a~ 
pr =fe rence 
0 0 .':. ~l + 1. ~6 5.05 t 1.18 '.:. 69 + 1. ~l 5.09 t 1 ,16 
-
-
-
0 1 
_:.Ll + 1. ~6 5.55 t 1.18 '.:. 36 + 
-
1. 21 5.25 t l.lo 
-· 
-
0 2 E.L7 + l.~6 6.58 t 1.18 
-
E. 02 + 1.~l 6 .2~ t 1.16 
-
-
l 0 5. 16 + 1.16 5.05 ,.. 1.18 .':. ~5 + i.a 5.25 t 1.16 
- -- -
l 1 5.L7+1. 16 5.4L - l.H s.rn + i.a 5.40 - l.lE 
l 2 5.f3+:i.16 5.8& - l.lE 5.S7 +1.21 5.3~ - 1.lE 
2 0 4. 77 + l.16 4,6: - l.H 5 • .:0 + 1.21 4,6E - l.lE 
2 1 5. 50 + 1.16 5.4L - ~ . lE s. 88 + 1. 21 5 .3 1 - L.lE 
2 2 5. 77 + 1.16 S.02 - ~.18 6.19 + 1.21 5 , 8L - L.lE 
Va"ues of 9 in dica:e most d2sirabl2; l : nii c2tes l east de3 ir cb~e. 
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Table 9, Analysis of variance for muffins 
Source of Degree of Mean squares of the taste panel data 
variation freedom Personal 
, Texture Tenderness Moisture preference 
Replication 3 
Blocks per 
replication 8 
Amount of 
liquid 2 2 .92 3.80 .90 1. 57 
Amount of egg 2 24. lli, 42. 311' 5.74 14.84 1< 
Interaction 4 4.76 2.86 3.84 4.42 
Error 16 3.07 3.15 3.31 2. 71 
Judges 8 
Sampling 280 
Total 323 
*Significant (P < .005) 
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. 5% level) 
37 
-------~ 
2 tablespoons extra liouid, 1/4 amount egg 
3 tablespoons extra liquid, 1/4 amount egg 
'I' .,,.-,,rr ,JF ~ L1 tablespoons extra liquid, 1/4 amount egg 
- - -
Poorest sample of all treatments, (3/4 amount egg 
4 tablespoons extra liquid) 
7 .... 
I 
I 
6 - I 
I 
I 
I 
I 
I 
5 .... I 
I 
I I ~ I 
IX 4 ..... I ~ I c I . ..., 
I .w I co I H 
Ci) I H I I ::, .w 3 .... I >< Q.) 
E--< I I I ~ I 
2 .... I ~ I I 
I I I 
I 
I 1 • I I 
I I I ~ I I I ~ 
Treatment 
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COMMENTS AND CONCLUSIONS 
Pie crust 
The study showed that the precooked pie crust produced the most 
acceptable pie, because the bottom crust was tender and flaky and not 
soggy and uncooked. This method needs to be tested to find out if this 
holds true when other kinds of filling are used in the pie; raisin pie 
was the only one studied. 
Cookies 
A brown sugar cookie recipe was used. The brown sugar flavor may 
have influenced the taste panel. Results of the study showed that as 
the leavening was decreased and the liquid was increased, the cookies 
became more acceptable and more like a standard cookie. Before this can 
be reconnnended for use by the homemaker, similar adjustments should be 
tried with other cookie recipes. 
Muffins 
The study on muffins was not entirely successful because the 
electronically baked muffins were about half way between a standard 
muffin and cake in texture, appearance and flavor. The product was 
improved as the amount of egg was decreased, Two tablespoons of extra 
liquid was added to replace the egg that was omitted to prevent the 
muffins from being too dry. If more liquid was added, it became too 
moist. 
Further work needs to be done on muffins. It would be interesting 
to add either an emulsifier or a conditioner to see how this affects the 
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product; in fact, both may be needed as one helps to retain moisture and 
the other makes the crumb more pliable. 
If other than plain muffins were to be baked electronically, the 
above findings may make acceptable products. Therefore, it would be 
wise to try reducing the egg and increasing the liquid as used in this 
experiment before making further adjustments. 
SUMMARY 
Many problems are encountered when baking in the electronic oven, 
but some of these are being solved. 
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The object of this study was to find the recipe adjustments needed 
in the standard recipe which would make acceptable electronically baked 
pies, cookies and muffins. 
Three methods of baking and three levels of liquid were used to 
find out which would make the most acceptable bottom pie crust. The pre-
cooked pie crust was the best method to use as it produced the most 
tender and flaky crust. The precooked pie crust with one extra table-
spoon of liquid was judged to be the best by the taste panel. This was 
also verified by the objective test data. 
Three levels of liquid and three levels of leavening were studied 
to see which would produce the most acceptable cookies. As the leavening 
was decreased and the moisture was increased, the product improved and 
became more like the standard cookie in texture, tenderness and moisture. 
The cookie with no leavening and one-fourth more liquid in them made the 
most acceptable product. These facts were confirmed by the objective 
tests. 
Three levels of egg and three levels of liquid were used to find out 
which would improve electronically baked muffins, As the amount of egg 
was reduced, the muffins became more tender, It was found that half the 
standard amount of egg or one-fourth the amount given in an electronic 
oven cookbook and two extra tablespoons of moisture made the most accept-
able muffins according to the taste panel. Similar results were obtained 
by the objective tests, 
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APPENDIX 
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HEDONIC SCALE OF WEIGHTED ADJECTIVES 
9. EXTREMELY ACCEPTABLE 
8. VERY ACCEPTABLE 
7. MODERATELY ACCEPTABLE 
6. SLIGHTLY ACCEPTABLE 
S. NEITHER ACCEPTABLE NOR 
U N A C C E P T A B L E 
4. SLIGHTLY UN ACCEPTABLE 
3. MODERATELY U N A C C E P T A B L E 
2. VERY UN ACCEPTABLE 
1. EXTREMELY UN ACCEPTABLE 
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SCORE SHEET 
Directions: Please score these four samples in each of the following 
categories. See descriptive adjectives posted in booth. 
Place the number of acceptability after the code number of 
the sample. Pleas e give comments. 
Sample code Texture Tenderness Moisture Personal Comments 
number preference 
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HINTS FOR THE HOMEMAKER 
Several recipes were tried, making the adjustments recommended in 
the thesis, They were not done by the scientific method, but the method 
used by the homemaker to see if the recommendations could be used by her. 
The following recipes have been adjusted according to this thesis for 
baking in the electronic oven. Other favorite recipes of the homemaker 
could be adjusted in a similar way. 
Pie 
The bottom pie crust was tested with different kinds of filling. 
The same adjustments were made in ingredients for the pie crusts as was 
made for raisin pie, but the crust was precooked for 3 minutes. The 
fillings for the pies were canned cherries, canned apple and pumpkin. 
Each filling had a different effect on the pie crust so that minor 
adjustments need to be made in the precooking time in order to achieve 
the most successful bottom crust for each one. 
Cookies 
The following recipes were adjusted according to the recommendations 
of the thesis, which was no leavening and one-fourth more liquid. The 
cookies were baked electronically for one and one-half minutes . 
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Sift flour with baking powder and salt. Blend shortening with 
peanut butter in mixing bowl. Gradually add brown sugar, creaminf until 
light and fluffy. Add egg and vanilla extract; beat well. Blend in 
sifted dry ingredients gradually; mix thoroughly. Shape dough into 
balls, using rounded teaspoonful for each. Place on ungreased cookie 
sheet. Flatten balls with fork tines, crisscross fashion. Bake at 375° 
for 10 to 12 minutes, until golden. 
In the peanut butter cookies, one tablespoon of liquid was added for 
every quarter cup of peanut butter in the recipe. This may have to be 
adjusted according to how moist the peanut butter is. These cookies 
came out rather flat but they had a good flavor and were quite success-
ful. 
Muffins 
The following recipes were ad j usted according to the recommendation 
of the thesis, which was one-half the amount of egg and two extra table-
spoons of liquid for every cup of flour in the recipes. The muffins were 
baked electronically for two minutes. 
Yield: 10-12 muffins 
Pan: Muffin pan 
Muffins 
2 cups sifted all purpose flour 
1/4 cup sugar 
1 tablespoon baking powder 
1/2 teaspoon salt 
Baking temperature 425°F 
Baking time 20-25 minutes 
1/2 egg,beaten 
1 1/8 cup milk 
1/4 cup cooking oil or 
melted shortening 
Sift flour with sugar, baking powder and salt into mixing bowl. 
Combine egg, milk and shortening. Make a well in center of dry ingred-
ients and add liquid ingredients all at once; mix only until all dry 
particles are moist. Fill well-greased muffin cups two~thirds full, 
Bake at 425° for 20 to 25 minutes, until golden brown, 
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This recipe made better muffins than the adjusted recipe from the 
electronic oven cookbook, Due to the compact texture of the muffins, it 
would have been better if the leavening agent was doubled, 
Grape-Nuts Orange Muffins 
Yield: 12 muffins Baking temperature 400°F 
Pan: Muffin pan Baking time 20-25 minutes 
1/4 cup shortening 1 1/8 cups orange juice or 7/8 
1/3 cup sugar cup orange juice and 
1 well-beaten egg 1/4 cup water 
2 cups flour 1 tablespoon grated orange 
1/2 teaspoon salt peel 
1/2 teaspoon soda 1 cup Grape-Nuts 
Thoroughly cream shortening and sugar; add eggs and beat well. Add 
flour, sifted with salt and soda, alternately with orange juice and 
orange peel. Stir in Grape-Nuts. Fill Greased muffin pans two-thirds 
full and bake in hot oven (400°) 20 to 25 minutes, Makes 1 dozen muffins. 
These muffins had a compact texture which could have been improved 
by adding a teaspoon of baking powder. The muffins were more tender 
than the plain muffins. 
Yield: 12 large muffins 
Pan: Muffin pan 
Oatmeal Muffins 
Baking temperature 400°F 
Baking time 20-25 minutes 
1 1 /4 cups quick-cooking rolled oats 1/2 egg, slightly beaten 
1 3/8 cups milk 1/2 cup cooking oil or 
1 1/4 cups sifted all purpose flour melted shortening 
4 teaspoons baking powder 1/3 cup firmly packed brown 
1 teaspoon salt sugar 
1/2 cup raisins, if desired 
Combine oats and milk; let stand 30 minutes. Sift flour with 
baking powder and salt into mixing bowl. Combine egg, cooking oil, 
brown sugar and raisins. Stir into oatmeal mixture. Make a well in 
center of dry ingredients; add liquid ingredients all at once; stir 
only until all dry particles are moist. Fill well greased muffin cups 
two-thirds full. Bake at 400° until golden brown--15 to 20 minutes for 
medium sized muffins; 20 to 25 minutes for large muffins. 
These muffins were very good. 
Conclusion 
49 
Every recipe that was used in the electronic oven had to be adjusted 
individually because the waves affected each kind of molecules or combina-
tion of molecules in a variety of ways. 
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